Based on the results of a randomized controlled trial, we examined a model of the mechanisms of efficacy of culturally adapted cognitive-behavior therapy (CBT) for Cambodian refugees with pharmacology-resistant posttraumatic stress disorder (PTSD) and comordid orthostatic panic attacks (PAs). Twelve patients were in the initial treatment condition, 12 in the delayed treatment condition. The patients randomized to CBT had much greater improvement than patients in the waitlist condition on all psychometric measures and on one physiological measure-the systolic blood pressure response to orthostasis (d = 1.31)-as evaluated by repeated-measures MANOVA and planned contrasts. After receiving CBT, the Delayed Treatment Group improved on all measures, including the systolic blood pressure response to orthostasis. The CBT treatment's reduction of PTSD severity was significantly mediated by improvement in orthostatic panic and emotion regulation ability. The current study supports our model of the generation of PTSD in the Cambodian population, and suggests a key role of decreased vagal tone in the generation of orthostatic panic and PTSD in this population. It also suggests that vagal tone is involved in emotion regulation, and that both vagal tone and emotion regulation improve across treatment.
Introduction
During Khmer Rouge rule (1975) (1976) (1977) (1978) (1979) , approximately 1.7 million of Cambodia's 7.9 million people died, and those that survived endured starvation, slave labor, untreated illness, torture, and constant threat of death [1] . Owing to severe trauma, Cambodian refugees at psychiatric clinics in the United States have elevated rates of posttraumatic stress disorder (PTSD; 56%) [2] and panic disorder (60%) [3] , and they have unique panic-attack (PA) subtypes: frequent orthostatic panic, that is, a panic attack triggered by standing up [4] . In a study of Cambodian patients attending a psychiatric clinic, 45% had current (i.e., at least one episode in the last month) orthostasis-triggered panic, which was highly associated with having PTSD [5] (also see [6] ).
There is evidence that PTSD may predispose to an impaired blood pressure response to orthostasis. A study using the Finapres (which provides a second-by-second assessment of blood pressure) of Gulf War veterans with PTSD and chronic fatigue syndrome demonstrated an impaired SBP response to orthostasis, with the degree of impairment significantly correlated to PTSD severity [7] (see too [4, 8] ). The orthostatic blood response is of particular interest in PTSD as it is a measure of vagal control of the heart, which is linked to CNS vagal tone; the ability to maintain blood pressure upon standing up is largely determined by the ability to withdraw the "vagal break" at the heart [4] . Another measure of vagal control of the heart, and of parasympathetic nervous system (vagal) functioning, is baroreceptor sensitivity, the ability to increase blood pressure upon there being a blood pressure drop at detectors at and near the heart. Baroreceptor sensitivity is also decreased in PTSD [9] . More generally, studies indicate that parasympathetic activity is decreased in PTSD, and that this explains observed deficits in emotion regulation [10, 11] , a key deficit in PTSD [12] .
Our previous studies of Cambodian refugees indicate that orthostatic panic is strongly associated with PTSD, and that orthostatic panic is produced by several processes: impaired blood pressure response to standing up as well as catastrophic cognitions about and trauma associations to orthostasis-induced sensations [5] . In addition, a previous study revealed cognitive-behavior therapy's (CBT's) improvement of PTSD severity in a Cambodian population was partially mediated by improvement in orthostatic severity [5] . Based on these studies, conjoined with the literature reviewed previously, of the key role of vagal control of the in heart in the orthostatic blood pressure response and of the importance of emotional regulation in PTSD, we have developed a model of how PTSD is generated in Cambodian refugees (see Fig. 1 ).
According to this model, initially trauma results in PTSD, and next PTSD decreases vagal tone (as indicated at the level of the heart by decreased heart rate variability). Poor vagal tone then impairs emotion regulation-this is because the person will be less able to dampen and tolerate anger, fear, shame, and other emotions (e.g., owing to decreased ability to disengage and shift attentional focus; see the Discussion section)-and in a feedback loop, poor emotion regulation worsens PTSD. And too, poor vagal tone worsens orthostatic adjustment, and hence may result in dizziness and other symptoms upon standing. These orthostatic sensations may then activate two types fear networks: catastrophic cognitions and trauma memories.
In respect to catastrophic cognitions, the patient may fear that the orthostatic sensations indicate a serious disorder of physiology: dizziness may be attributed to a wind-like substance called khyâl, which as it rises upward in the body is thought to possibly cause various disasters-upon reaching the chest, asphyxia; upon reaching the heart, heart arrest; upon reaching the neck, neck vessel rupture; and upon reaching the head, fatal syncope. Or the orthostatic sensations may trigger recall: dizziness may recall various Pol Pot period traumas, such as a blow to the head, or collapse while doing slave labor without food. Owing to the activation of these two types of fear networks, orthostatic panic may well occur, and then the panic and trauma recall may increase PTSD severity.
This model ( Fig. 1 ) has clear treatment implications, and based on it, we have created a model of how CBT brings about improvement in PTSD (see Fig. 2 ). As indicated in the model (Fig. 2 ), any technique that increases emotion regulation capacity will decrease PTSD, and decreased PTSD will increase vagal tone; and too, because the vagal system is tightly coupled to the emotion regulation system, increased emotion regulation ability directly increases vagal tone [13] [14] [15] [16] . In these two ways (through decrease of PTSD and direct effects on vagal tone), improved emotion regulation should improve vagal tone and orthostatic tolerance. And CBT-through such techniques as interoceptive exposure to somatic sensations, for example, head rolling; modification of catastrophic cognitions; elicitation of trauma associationswill decrease the activation of fear networks by sensations experienced upon standing up, and this decreased activation of fears networks by orthostatic sensations will decrease orthostatic panic, and PTSD; in turn, decreased PTSD severity should increase vagal tone.
In the current study we examine the effect of a culturally sensitive CBT for traumatized Cambodian refugees with PTSD and comorbid orthostatic PAs [17] [18] . Our treatment focuses on increasing emotional regulation capacity and decreasing PAs, including orthostatic panic (see Procedure section for a description of the treatment). We hypothesized that our CBT intervention would impact all variables in our model of how CBT decreases panic and PTSD (see Fig. 2 ), namely, PTSD, orthostatic panic, orthostatic-panic-associated catastrophic cognitions, and trauma associations, and systolic BP response to orthostasis. Second, we also expected, as indicated by our treatment model (see Fig. 2 ), that improvement in PTSD severity would be mediated by improvement in emotion regulation capacity and orthostatic panic. And third, we hypothesized that the change in systolic BP across treatment (a proxy measure of vagal tone) would be correlated to change in a measure of the ability to emotionally regulate, given the literature demonstrating the relationship of SBP adjustment to vagal tone, and of vagal tone to emotion regulation capacity.
Method Participants
Participants attended a community-based outpatient clinic that provides specialized services to Cambodian refugees. We offered CBT treatment to Cambodian patients who were considered to have pharmacologyresistant PTSD with comorbid orthostatic panic. All patients were on a maximally tolerated dosage of an SSRI. Inclusion criteria were (1) having passed through the Cambodian genocide (1975) (1976) (1977) (1978) (1979) ; (2) having been at least 6 years old at the beginning of the genocide; (3) having pharmacology-resistant PTSD as defined by con- Chi-square test used for variables involving percentage; t test for all other variables. IT = immediate treatment; DT = delayed treatment. Years of education = time studying in Cambodian, in refugee camps, and when a monk (Cambodians males often become a monk for a few years and study at that time). Fluency in spoken English = an ability to communicate in a medication session without need of translation. Fluency in written English = an ability to read an English newspaper. An active Buddhist = someone who self-identified as Buddhist who also visits the temple at least once a year to attend or participate in a ceremony. * P < 0.05.
tinued presence of PTSD (as assessed by the SCID module for PTSD [19] ) despite receiving supportive counseling and an adequate trial of a selective serotonin reuptake inhibitor at the maximally tolerated dose for a minimum of 6 months; and (4) having current (in the last month) orthostatic panic, as determined by the Orthostatic PA Interview (see subsequently). Exclusion criteria included (1) inability to give informed consent; (2) organic mental disorder, psychotic spectrum disorder, bipolar disorder, or active substance abuse or dependence; (3) serious suicide ideation currently or in the last 6 months; and (4) pregnancy. Patients were randomly assigned to either the Immediate Treatment or the Delayed Treatment Group. See Table 1 for a comparison of the immediate and Delayed Treatment Groups in terms of gender, age, years of education, years living in the United States, language facility, and religion. The study was approved by the Institutional Internal Review Board. The patients gave informed consent after a full explanation of the procedures. Two eligible patients declined to participate because of time and transportation constraints. All 24 randomized patients completed the study, and there were no missing data.
Measures
All measures were translated to Khmer and then translated back to English for confirmation of accuracy, as per standard procedure [20] .
Clinician-Administered PTSD Scale (CAPS)
The CAPS rates, on 0-4 Likert-type scales, the frequency and intensity of each of the 17 DSM-IV -based PTSD symptoms [21] . Scores range from 0 to 136. The translated CAPS demonstrates good interrater (r = 0.92) and test-retest (r = 0.84; at 1 week) reliability [2] .
Emotion Regulation Scale
The ability to distance from negative affects is one of the most important component skills in emotion regulation. We have created a 10-item Likert-type scale that assesses the patient's ability to distance from a number of dysphoric affects, including worry, anxiety, and depression, and the ability to distance from dysphoric emotions induced by particular situations: trauma recall or someone saying something hurtful. If the patient has not recently experienced the affect, we instruct the patient to answer how they would react if the emotion or emotion-inducing situation were encountered. Each item is rated on a 0-4 Likert-type scale, rating the ability to distance from affects, ranging from "not at all" to "very much so." Most of the questions have the following form, "When you become X, are you able to distance yourself from that emotion?" where "X" is the emotion in question. In the Cambodian population, the scale has a high internal consistency (Cronbach's α = 0.79), and good test-retest reliability at 1 week (r = 0.86), as assessed with 30 patients.
Orthostatic PA Interview
We used a structured interviewed to assess for the presence of OP. As the initial probe question, we asked the following: "In the last four weeks, upon standing up, did you suddenly feel anxious, dizzy, or ill?" If the patient answered affirmatively, the patient was queried about the most recent episode, making sure that it (1) constituted orthostatically induced dysphoria, (2) met PA criteria (as per the Structured Clinical Interview for DSM-IV ; [19] ), and (3) was not preceded just before standing by a PA. The Orthostatic PA Interview has good interrater reliabil-ity (between the first author and a Cambodian speaker; κ = 1; N = 30).
Orthostatic-PA Severity Scale (O-PASS)
We assessed severity of orthostatic PAs on three dimensions [22] , each scored on a 0-4 Likert-type scale: (1) frequency, (2) length, and (3) 
Orthostatic-PA Flashback Severity Scale (O-FSS)
We assessed the severity of flashbacks associated with orthostatic-induced PAs (cf. [23] ) on the following three dimensions, each rated on a 0-4 Likert-type scale: (1) degree of dissociation, (2) length, and (3) 
Orthostatic-PA Catastrophic Cognition Severity Scale (O-CCSS)
The patient was asked about the degree of fear during orthostatic PAs of five culturally specific catastrophic cognitions. As described in the Introduction section, there is the culturally belief that upon standing, "khyâl" and blood may rush upward in the body and into the head, an event called "khyâl overload," causing various catastrophes. And also, standing up is thought to possibly cause a disruption of the flow of khyâl and blood to the arms and legs, resulting "death of the limbs," and a surge of those substances up in the body. The five assessed catastrophic cognitions are as follows: (1) "When you stood up, did you fear 'khyâl overload'?," (2) "When you stood up, did you fear you would be unable to breath?," (3) "When you stood up, did you fear heart arrest?," (4) "When you stood up, did you fear neck vessel rupture?," and (5) "When you stood up, did you fear the 'death' of your arms and legs?" Responses to these items were rated on 0-4 Likert-type scales and comprise the Orthostasis Catastrophic Cognition Inventory (OCCI). If the patient had not experienced any PAs in the previous 4 weeks, the patient was asked about the presence and severity of the five catastrophic cognitions upon standing up during the previous 4 weeks. The OCCI has good interrater reliability [4] .
Orthostatic Change Scores
We assessed systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) change scores upon rising from a sitting position-that is, the standing value subtracted from the sitting value (averaged over the previous 30 sec)-sampling at 5-sec intervals up until 60 sec. SBP and DBP reach a nadir at about 15 sec after standing, then rising back to values comparable to those in the sitting position [7, 24] . For a comparison of the two groups in physiological response, for each patient, we selected the time point with the SBP nadir [7, 24] .
Procedure
We used a repeated-measures design, in which one group of patients was immediately started on the CBT treatment (Immediate Treatment Group) while the other group was given treatment as usual (Delayed Treatment Group). After the Initial Treatment Group finished CBT, the Delayed Treatment Group was given CBT. Eligible patients who agreed to participate were stratified by gender, with random allocation to either initial or delayed treatment decided by a coin toss. All patients continued supportive psychotherapy, which consisted of a meeting with a social worker every 2 weeks, and medications, which consisted in all cases of a combination of an SSRI (in most cases, paroxetine) and the benzodiazepine, clonazepam. The treating psychiatrist was instructed to try to maintain the level of medication at the same level, but to adjust levels if deemed clinically necessary. Studies indicate that SSRIs [25] and benzodiazapines [26] do not adversely affect the BP response to orthostasis.
All participants completed three assessments of the CAPS: Emotion Regulation Scale, O-PASS, O-FSS, and O-CCSS: (1) pretreatment (first assessment); (2) after the Immediate Treatment Group had undergone 12 weekly sessions of CBT (second assessment); and (3) after the Delayed Treatment Group had undergone 12 weekly sessions of CBT (third assessment).
We also assessed the physiological adjustment to orthostasis at the three time points. SBP, DBP, and HR were measured using a Finapres (Model 2300, Ohmeda, Louisville, CO, USA). The Finapres cuff was wrapped around the index finger of the left hand; and the hand was supported so as to remain at the level of the heart at all times. Once the monitoring equipment was attached, the patient was asked to sit quietly for 5 min. Next, the patient stood up, and remained standing for 1 min. Physiologic measures were sampled every 5 sec from 30 sec prior to standing until 1 min after standing.
Blind to treatment condition, all assessments were made by a Cambodian bicultural worker with over 2 years of mental health experience. The assessor of orthostatic PA severity was blind to all other measures, and the assessor of the other psychometric assessments was blind to both the severity of orthostatic PAs and physiological change scores.
Treatment
The first author (DH), who is fluent in Cambodian, conducted or co-led the CBT sessions, utilizing a manualbased protocol developed by our team [17, 18, 27, 28] . CBT was offered across 12 weekly sessions and emphasized information about a cognitive-behavioral model of PTSD and panic disorder, muscle relaxation and diaphragmatic breathing, guided imagery and mindfulness training (mindfulness training emphasized multi-sensorial attention to the present moment, each session emphasizing a particular sensory modality), yoga-like stretching linked to self-images of flexibility (this involved stretching new muscle groups in each session, with an emphasis on the neck, back, and leg musculature), cognitive restructuring, various exercises used to teach emotional distancing and switching, and interoceptive exposure. Orthostasisassociated flashbacks and catastrophic cognitions were specifically addressed. The therapy emphasized various techniques to promote emotional regulation, for example, applied muscle relaxation, applied stretching, mindfulness, and various exercises aiming to increase psychological and emotional flexibility and promote emotional distancing.
Results
For both groups, neither psychometric nor physiological scores differed significantly at baseline (no Ps < 0.05). In order to illustrate the magnitude of treatment benefits relative to other studies, we computed between-group effect sizes, comparing the Immediate Treatment (IT) and Delayed Treatment (DT) groups at the second assessment, using Cohen's d: d = Mean DT Group -Mean IT Group /SD pooled . Table 2 provides symptom scores for the three assessments and between-group effect sizes.
In order to evaluate the effects of treatment on psychometric outcome measures, we conducted a 2 (GROUP: initial vs. delayed treatment) by three (TIME: first, second, and third assessment) repeated-measures multivariate analysis of variance (MANOVA) with the CAPS, Emotion Regulation Scale, O-PASS, O-FSS, and O-CCSS as the dependent variables. Similar procedures were used for the physiologic outcomes, with the change in scores between sitting and standing serving as the dependent variable. For the psychometric outcomes, analyses indicated a significant Group effect, F(5, 18) = 3.02, P < 0.05; Time effect, F(16, 13) = 34.15, P < 0.001; and Group by Time interaction effect, F(10, 13) = 46.16, P < 0.001. The Mauchley Sphericity test, a measure of homogeneity of covariance, was nonsignificant for any variable; this indicates the sphericity was not violated. In follow-up analyses, repeated-measures analysis of variances (ANOVAs) showed, for all dependent variables, a significant Group effect (Fs > 8.10, Ps < 0.002), Time effect (Fs > 50.38, Ps < 0.001), and Time by Group interaction effect (Fs > 9.01, Ps < 0.001). In order to examine group differences, we conducted unpaired t tests. The results showed significant group differences for all variables at the second assessment (ts > 2.81, Ps < 0.01), but not for any variable at either the first (ts < 1.2, Ps > 0.05) or third (ts < 0.23, Ps > 0.05) assessment. In addition, we examined time effect as a polynomial, testing for a quadratic trend by group interaction. As hypothesized, the quadratic, but not linear, trends were significant for all psychometric variables (quadratic: Fs > 21.61, Ps < 0.01; linear: Fs < 1, Ps = ns).
For the three physiologic measures-SBP, DBP, and HR change scores from sitting to standing-analyses showed a nonsignificant Group effect, F(3, 20) = 1.97, P = 0.15, but a significant Time effect, F(6, 17) = 6.12, P < 0.01, and Group by Time interaction effect, F(6, 17) = 4.95, P < 0.01. The Mauchley Sphericity test was nonsignificant for each of the three variables. Follow-up analyses of repeated-measures ANOVAs showed a nonsignificant Group effect for all three variables (Fs < 2, Ps > 0.05); a significant Time effect for the SBP change score, F(2, 20) = 22.37, P < 0.001, but not for DBP or HR change scores (Fs < 2.55, Ps > 0.05); and a significant Time by Group interaction effect for the SBP change score, F(2, 20) = 5.86, P < 0.01, but not for the DBP or the HR change score (Fs < 2.24, Ps > 0.05). In order to examine group differences in SBP scores, we conducted unpaired t tests. The results showed significant group differences at the second assessment for the SBP score, t(22) = 3.23, P < 0.01, but not for DBP and HR scores (ts < 0.92, P > 0.05). No group differences were observed on any of the outcome variables at the first (ts < 0.84, Ps > 0.05) and third assessment (ts < 1.54, Ps > 0.05). In addition, we examined time effect as a polynomial, testing for a quadratic trend by group interaction for SBP score. As hypothesized, the quadratic, but not linear, trend was significant (quadratic: F = 14.9, P < 0.01; linear: F < 1, Ps = ns).
As predicted by the model (see Fig. 1 ), the correlation of the residualized SBP change score to residualized emotion regulation change score was high: r = 0.72, P < 0.01. (We used residualized change scores for all variables to more accurately reflect outcome [29] .) To explore the treatment model (see Fig. 2 ), we then used a Baron and Kenny analysis to examine whether improvement in emotion regulation capacity and orthostatic panic severity mediated the effect of treatment on PTSD severity (for a similar analytic approach, see [29] ).
First, we determined whether treatment condition (waitlist to treatment) explained variance in the residualized CAPS change score. The results suggested that 64% of the variance in the residualized CAPS change score was explained by the treatment condition, r = 0.80, P < 0.01. Second, we investigated the correlation of treatment condition to the residualized emotion regulation scale change score and the orthostatic panic change score, which were 0.75 and 0.69, respectively (Ps < 0.01). Next, we determined the correlation of both the residualized emotion regulation scale change score and that of the residualized orthostatic panic severity scale change score to the residualized CAPS change score, which were 0.71 and 0.61, respectively (Ps < 0.01). Finally, we performed a regression analysis with all three predictor variables with the residualized CAPS change score as the dependent variable. In that regression, when all three predictors were entered, β of the treatment predictor variable was nonsignificant, whereas that of the residualized emotion regulation change score and that of the residualized orthostatic panic change score were significant, β = 0.61 and β = 0.51, respectively (Ps < 0.01). That model explained 78% of the variance in PTSD severity, F(3, 18) = 20.7, P < 0.001. These results support the mediation model.
Discussion
The current article demonstrated CBT's improvement of multiple psychometric variables-including emotion regulation ability and orthostatic panic severity-and one physiological variable, namely, orthostatic blood pressure adjustment. The study supported our model of how PTSD and orthostatic panic is generated (Fig. 1) , and how CBT brings about improvement in the model variables (Fig. 2) . And as hypothesized, improvement in SBP adjustment (our proxy measure of vagal tone) was highly correlated to the ability to successfully regulate negative affect.
As indicated in the Introduction section, we hypothesize that the CBT intervention improved systolic blood pressure response to adjustment by the following means (see Fig. 2 ). CBT decreased PTSD, for example, through decreasing orthostatic panic and increasing emotion regulation capacity; then the decrease in PTSD resulted in increased vagal tone, which improved orthostatic blood pressure response. And we hypothesize that when CBT improved emotion regulation capacity, it directly increased vagal tone (in addition to doing so through decreasing PTSD), because emotion regulation and vagal tone are based in the same neurocognitive and biological system (as reviewed previously) and have complex links.
How might vagal tone serve as a key aspect of emotional regulation? It seems to play a key role in the control of attention, allowing the disengaging from attentional object and the choosing of another [15] . It would seem to have as its main role the disengagement from total attention on one object, from a fixed mindset; only through disengagement from total absorption in an attentional object, a given mindset, are other attentional objects, and mindsets, an option. Disengagement allows more action-behavioral flexibility, allows the regulation of affect by contemplating other attentional objects and by considering other mindsets. In the Cambodian case, low vagal tone delivers a double blow-decreased emotional regulation ability and worsened orthostatic panic.
We think our findings support the contention by a new wave of researchers that emotion regulation ability is a key cog in the production and maintenance of psychopathology, and a key dimension to be addressed in treatment [30] [31] [32] . Our study provides evidence that emotion regulation ability changes across treatment and is a key mediator of improvement, and that its improvement may be related to physiological variable, namely, vagal tone.
Of note, in the current study, we did not use other published scales of emotion regulation (e.g., [32] ). We used the scale as described in the current study for several reasons. For one, we choose to create a scale that had clear face validity and that could be easily translated and used in non-Western populations. Second, we consider the ability to emotionally distance from affects to be the key component of emotion regulation that underlies its other aspects (for descriptions of hypothesized aspects of emotion regulation, see [30] [31] [32] ). (Of note, in Theravada Buddhism, based on the first author's discussions with Cambodian monks and patients and reading of Cambodian Buddhist texts, this emotion distancing capacity is considered to be the key aspect of emotion regulation; it is called in "ubekkha" in the Pali language, a term also commonly used in the Cambodian language.) And third, we considered the ability to distance from negative affects to be the aspect of emotion regulation that would be most likely to be related to vagal tone.
Several limitations of the present study should be mentioned. The current study was done with a very small sample, constituting a small pilot study. Replication with a larger sample is warranted. A future study should assess a measure of vagal tone, such as heart rate variability. In this way, all variables in the model can be explored. A study should be done to examine how a pharmacological intervention (such as a serotonin reuptake blocker) influences all the variables in the model. A future study should examine the variables identified in the current study at multiple time points in order to establish causality: that our CBT treatment improved emotion regulation ability that then decreased PTSD severity. We did not prevent medication changes, which create one other source of variability.
